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CLAIMS 



[Claim(s)] 

[Claim 1] The vacuum housing equipped with the exhaust air system The gas introduction mechanism which introduces predetermined gas in a 
vacuum housing The substrate stage for arranging a substrate to the position in a vacuum housing The RF generator for stages which impresses 
predetermined RF power to a substrate stage It is the plasma cleaning method of the substrate stage equipped with the above. Arrange to the field 
for the substrate arrangement of the front faces of the aforementioned substrate stage of the arrangement field protector of the tabular which 
consists of a dielectric which has the front face of the size configuration which suited the size configuration of the field for the substrate 
arrangement of the size configuration of the front face of the substrate to process, or the front faces of a substrate stage, and this field is covered. 
While introducing gas with an etching operation in a vacuum housing according to the aforementioned gas introduction mechanism, predetermined 
RF power is impressed to a substrate stage by the RF generator for stages. Plasma is formed near the front face of a substrate stage with the 
impressed RF power, and it is characterized by removing the surface deposition film of a substrate stage, or the inside deposition film of a vacuum 
housing using an etching operation of the aforementioned gas produced by this plasma. 

[Claim 2] The plasma cleaning method according to claim 1 characterized by making into the range of O.STorr to 5Torr(s) the pressure of gas with 
the etching operation by which introduction was carried out [ aforementioned ]. 

[Claim 3] The aforementioned vacuum processor is the plasma cleaning method according to claim 1 or 2 characterized by having the electric 
power supply mechanism which introduces predetermined power and forms the plasma for processing of a substrate in a vacuum housing, and 
carrying out by operating this electric power supply mechanism with the aforementioned RF generator for stages. 

[Claim 4] The aforementioned electric power supply mechanism is the plasma cleaning method according to claim 3 characterized by it being 
possible to form the high-density plasma which has three or more [ at least 1010cm - ] densities by the pressure of 100 or less mTorrs. 
[Claim 5] The arrangement field protector used for the plasma cleaning method according to claim 1, 2, 3, or 4. 
[Claim 6] The arrangement field protector according to claim 6 characterized by being formed from quartz glass. 

[Claim 7] The arrangement field protector according to claim 5 or 6 characterized by being a 10 or less-time weight to the weight of the substrate to 
process. 

[Claim 8] The arrangement field protector according to claim 5 or 6 characterized by being 3 or less-time thickness to the thickness of the substrate 
to process. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the improvement of the plasma cleaning method which removes the thin film deposited on the 
inside of a vacuum housing, or the front face of the member in a vacuum housing in vacuum processors, such as plasma vapor-growth equipment 
used for the manufacturing process of a semiconductor device. 
[0002] 

[Description of the Prior Art] Drawing 5 is drawing showing the outline composition of the plasma vapor-growth equipment as an example of the 
conventional vacuum processor. The plasma vapor-growth equipment shown in drawin g 5 mainly consists of substrate stages 4 for arranging the 
vacuum housing 1 equipped with the exhaust air system 1 1 , the gas introduction mechanism 2 which introduces predetermined gas in a vacuum 
housing 1 , the electric power supply mechanism 3 for giving energy to the introduced gas and forming plasma, and the substrate 40 which performs 
thin film creation etc. 

[0003] With the equipment of drawing 5 , a substrate 40 is carried in in a vacuum housing 1 through a non-illustrated gate valve, and it arranges on 
the substrate stage 4. After exhausting the inside of a vacuum housing 1 by the exhaust air system 1 1 , predetermined gas is introduced according to 
a gas introduction mechanism. Next, according to the electric power supply mechanism 3, energy, such as RF power, is impressed to the gas in a 
vacuum housing 1, and plasma is formed. And a predetermined thin film is created by the front face of a substrate 40 according to the gaseous 
phase reaction produced by plasma. For example, if silane gas and oxygen gas are introduced according to the gas introduction mechanism 3, a 
decomposition reaction etc. will be produced and the thin film of an oxidization silicon will be created by plasma on the front face of a substrate 40. 

[0004] In the plasma vapor-growth equipment by the aforementioned composition, if thin film creation processing is repeated and is performed, the 
phenomenon in which an oxidization silicon film accumulates also on the front face exposed to the plasma of the substrate stage 4 or the inside of a 
vacuum housing 1 will arise. If these thin films accumulate, it will separate with the internal stress of ****** soon, and will become the cause of 
generating of an impalpable powder. If this impalpable powder adheres to the oxidization silicon thin film on a substrate 40, surface discontinuity 
will be produced, and the problem of making goods worth of the concerned oxidization silicon thin film fall is produced. Such a problem is 
produced not only with plasma vapor-growth equipment but with vacuum processors, such as a plasma etching system. That is, the material into 
which it ********** e d deposited on the front face of a substrate stage, or the inside of a vacuum housing, and became a thin film, and there was a 
problem that the impalpable powder which it exfoliated and produced damaged the circuit on a substrate. 

[0005] In order to suppress peeling of such a deposition film, before exfoliating, generally the technique of the plasma cleaning which ********** s 
and removes a deposition film is used. By this method, introduce about [ chlorofluocarbon 14 gas (CF4):oxygen gas =80:20 ] mixed gas in a 
vacuum housing 1 according to the gas introduction mechanism 2, and the plasma by chlorofluocarbon 14 gas and oxygen gas is made to generate, 
it ********** s an d an operation of plasma removes a deposition film. That is, in plasma, Isolation CFx (2 x= 1,3), CFx ion (2 x= 1, 3), an 
isolation fluorine, or fluorine ion is generated, these fluorine system active species or ion react with a deposition film, volatile matter is generated, 
and a deposition film is removed by this volatile matter being discharged by the exhaust air system 11. 
[0006] 

[Problem(s) to be Solved by the Invention] In the vacuum processor with which the above-mentioned plasma cleaning is performed, each part 
material is constituted as what forms plasma from the first for processing of a substrate. This point and since there is a damage of a substrate when 
it brings close to plasma not much, a substrate stage is installed in the position distant from the place in which plasma is formed the considerable 
grade. In this case, when the above-mentioned plasma cleaning is performed, the plasma density near the front face of a substrate stage cannot but 
become low. Consequently, in order to have removed the deposition film on the front face of a substrate stage, there was a problem that plasma 
cleaning had to be performed, about a long time. 

[0007] Especially, in a thin film listing device like plasma vapor-growth equipment, although a thin film does not accumulate on the field 
(henceforth, arrangement field) covered by the substrate during processing among the front faces of a substrate stage, a thin film accumulates on the 
surface field (field non-arranging [ the following and ]) which is not covered like a substrate. Although various attempts which raise membrane 
formation speed are made in recent years, membrane formation is not only made at a speed quick on a substrate by such attempt, but a thick thin 
film will accumulate on the non-arranging field of a substrate stage. And since only the plasma of density low as a result was supplied to the non- 
arranging field of the substrate stage deposited thickly in this way, long time-ization of the above-mentioned plasma cleaning had caused the 
serious problem of making the operating ratio of equipment fall etc. Moreover, also in plasma cleaning of parts, such as insides other than a 
substrate stage (for example, a vacuum housing), an etch rate could not be made high enough but there was a problem which cannot shorten plasma 
cleaning time. 

[0008] As the invention in this application is made in order to solve the starting technical problem, and it can complete the plasma cleaning which 
removes the thin film deposited on the front face of the substrate stage in a vacuum housing etc. in a short time, it aims at enabling improvement in 
the availability of equipment etc. 

[0009] <BR> [Means for Solving the Problem] In order to attain the above-mentioned purpose, invention of this application according to claim 1 
The vacuum housing equipped with the exhaust air system, and the gas introduction mechanism which introduces predetermined gas in a vacuum 
housing, In the vacuum processor equipped with the RF generator for stages which impresses predetermined RF power to the substrate stage and 
substrate stage for arranging a substrate to the position in a vacuum housing Arrange to the field for the substrate arrangement of the front faces of 



K^./A^in^ inHi ^o on in/cai -bin /Iran web cei e"e 



12/1/2003 



1 

Page 2 of 5 



the aforementioned substrate stage of the arrangement field protector of the tabular which consists of a dielectric which has the front face of the size 
configuration which suited the size configuration of the field for the substrate arrangement of the size configuration of the front face of the substrate 
to process, or the front faces of a substrate stage, and this field is covered. While introducing gas with an etching operation in a vacuum housing 
according to the aforementioned gas introduction mechanism, predetermined RF power is impressed to a substrate stage by the RF generator for 
stages. Plasma is formed near the front face of a substrate stage with the impressed RF power, and it has the composition of removing the surface 
deposition film of a substrate stage, or the inside deposition film of a vacuum housing using an etching operation of the aforementioned gas 
produced by this plasma. In order to attain the above-mentioned purpose similarly, invention according to claim 2 makes the pressure of gas with 
the introduced etching operation the range of 0.5Torr to 5Torr(s) in the composition of the above-mentioned claim 1 . In order to attain the above- 
mentioned purpose similarly, in the above-mentioned claim 1 or the composition of 2, the vacuum processor is equipped with the electric power 
supply mechanism which introduces predetermined power and forms the plasma for processing of a substrate in a vacuum housing, and with the RF 
generator for stages, invention according to claim 3 operates this electric power supply mechanism, and performs it. As for invention according to 
claim 4, in the composition of the above-mentioned claim 3, an electric power supply mechanism can form similarly the high-density plasma which 
has three or more [ at least 1 010cm - ] densities by the pressure of 100 or less mTorrs because of the above-mentioned purpose achievement. In 
order to attain the above-mentioned purpose similarly, invention according to claim 5 has the composition that it is the arrangement field protector 
used for the above-mentioned claims 1 , 2, and 3 or the plasma cleaning method given in four. In order to attain the above-mentioned purpose 
similarly, invention according to claim 6 has the composition that it is the arrangement field protector currently formed from quartz glass, in the 
composition of the above-mentioned claim 5. In order to attain the above-mentioned purpose similarly, invention according to claim 7 has the 
composition that it is the arrangement field protector of a 10 or less-time weight, in the above-mentioned claim 5 or the composition of 6 to the 
weight of the substrate to process. In order to attain the above-mentioned purpose similarly, invention according to claim 8 has the composition that 
it is the arrangement field protector of 3 or less-time thickness, in the above-mentioned claim 5 or the composition of 6 to the thickness of the 
substrate to process. 
[0010] 

[Example] Hereafter, the example of the invention in this application is explained. Drawing 1 is the schematic diagram of the vacuum processor 
with which the plasma cleaning method of the example of the invention in this application is enforced, and the outline composition of plasma 
vapor-growth equipment is shown like drawing 4 as an example. 

[001 1] The plasma vapor-growth equipment shown in drawing 1 has the vacuum housing 1 equipped with the exhaust air system 1 1 , the gas 
introduction mechanism 2 which introduces predetermined gas in a vacuum housing 1, the electric power supply mechanism 3 for giving energy to 
the introduced gas and forming plasma, and the substrate stage 4 for arranging the substrate which performs thin film creation like the equipment of 
drawing 4 . Furthermore, it has RF generator 41 for stages which impresses predetermined RF power to the substrate stage 4. 
[0012] first, the vacuum housing 1 was located in the membrane formation room 101 and membrane formation room 101 bottom - the evacuation 
room 102 of big space is constituted for a while And the portion which constitutes the membrane formation room 101 , and the portion which 
constitutes the evacuation room 102 are constituted possible [ separation ]. This is for the maintenance of the member in a vacuum housing 1 etc. 
Moreover, a non-illustrated gate valve is prepared in the container wall of the vacuum housing 1 of the portion of the membrane formation room 
101 , and the exhaust pipe 1 3 with which the exhaust air system 1 1 is connected is formed in the container wall of the portion of the evacuation 
room 102. The exhaust air system 1 1 mainly consists of a roughing vacuum pump 1 1 1, a main process pump 112 arranged by the preceding 
paragraph of a roughing vacuum pump 1 1 1, and the main valve 1 13 and the adjustable conductance bulb 1 14 arranged on the exhaust air path 
exhausted with these pumps 111,112. 

[0013] The above-mentioned vacuum housing 1 has the bell jar 12 to the up side. Circular opening is prepared in the center and the bell jar 12 is 
airtightly connected to this opening at the up container wall of a vacuum housing 1. A bell jar 12 has the configuration of the shape of a semi-sphere 
with a diameter of about 200mm, and is formed with dielectrics, such as quartz glass. A vacuum housing 1 has circular opening in the center of a 
upside wall, and the bell jar 12 is arranged by connecting with this opening airtightly. 

[0014] In the example shown in drawing 6, the gas introduction mechanism 2 consists of two gas feed systems 21 and 22, and can introduce now 
two sorts of different gas simultaneously. Each gas feed systems 21 and 22 mainly consist of piping 21 1,221 connected to the non-illustrated 
chemical cylinder, and a gas transductant 212,222 connected to the termination of piping 21 1,221. 

[0015] Drawing 2 is drawing explaining the composition of the above-mentioned gas transductant 212,222. As shown in drawing 2 , the gas 
transductant 212,222 consists of pipes of a cross-section round shape in a circle. This gas transductant 212,222 is supported by the bearing bar 23 
prepared in the vacuum housing 1, and is horizontally arranged in the form where the inside of a vacuum housing 1 is met. In addition, a vacuum 
housing 1 has the case of a cylindrical shape, and also has the case of an rectangular pipe form. Moreover, the duct 24 is formed in the state of 
penetrating the wall of a vacuum housing 1 airtightly, and the end of this duct 24 is connected to the gas transductant 212,222. The other end of the 
gas transductant 212,222 is connected to the piping 21 1,221 of drawing 1 . And the gas transductant 212,222 has the gas diffuser 25 in the medial 
surface, as shown in drawing 2 . This gas diffuser 25 is opening with a diameter of about 0.5mm, sets the interval of about 10mm and is prepared on 
the periphery. 

[0016] On the other hand, it returns to drawing 1 and the electric power supply mechanism 3 mainly consists of a high frequency coil 31 arranged 
by surrounding the circumference of a bell jar 1 2, and RF generator 33 which supplies RF power to this high frequency coil 3 1 through the 
adjustment machine 32. What generates 13.56MHz RF power is adopted as RF generator 33, and this RF power is supplied in a bell jar 12 from a 
high frequency coil 3 1 . 

[0017] Moreover, the substrate stage 4 is established in the lower part position of the bell jar 12 in a vacuum housing 1. This substrate stage 4 
arranges the substrate 40 which processes on a front face, and mainly consists of a stage main part 401 which consists of a metal, and dielectric 
block 402 for adsorption arranged in the upper surface of this stage main part 401. The mechanism in which the substrate stage 4 adsorbs a 
substrate 40 on a front face by electrostatic adsorption is adopted, and the adsorption electrode 403 is embedded in the dielectric block 402 for 
adsorption. And the power supply 405 for adsorption which gives predetermined potential to the adsorption electrode 403 is formed, by this, the 
front face of a dielectric block is made to produce static electricity, and a substrate is adsorbed. 

[0018] Moreover, as the side of the substrate stage 4 is worn, the shield board 405 is formed, and the insulating block 406 is arranged between the 
shield board 405 and the substrate stage 4. This shield board 405 is for preventing that plasma turns to the side of the substrate stage 4, and a high 
frequency discharge is formed, and is formed and grounded from the predetermined metal. The substrate stage 4 is equipped with RF generator 41 
for stages which impresses predetermined RF power as above-mentioned. This RF generator 41 for stages operates so that predetermined substrate 
bias voltage may be impressed to a substrate 40 according to the interaction of plasma and a RF at the time of processing, and in the case of plasma 
cleaning, it operates so that it may mention later and plasma may be formed near the front face of the substrate stage 4. 
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[0019] The plasma vapor-growth equipment concerning the above-mentioned composition carries in a substrate 40 in a vacuum housing 1 through 
the gate valve which is not illustrated [ which was prepared in the vacuum housing 1 ] first, and arranges it on the substrate stage 4. A gate valve is 
closed, the exhaust air system 1 1 is operated, and the inside of a vacuum housing 1 is exhausted to about 5 mTorrs. Next, the gas introduction 
mechanism 2 is operated and predetermined gas is introduced in a vacuum housing 1 by the predetermined flow rate. Under the present 
circumstances, as gas is supplied to the gas transductant 212,222 via a duct 24 from piping 21 1,221 and blows off from the gas diffuser 25 of the 
gas transductant 212,222 inside, it is introduced in a vacuum housing 1. The introduced gas diffuses the inside of a vacuum housing 1, and reaches 
in a bell jar 12. 

[0020] The electric power supply mechanism 3 is operated in this state, and about [ 13.56MHz2000W ] RF power is impressed to a high frequency 
coil 31 through the adjustment machine 32 from RF generator 33. Simultaneously, RF generator 41 for stages also operates and predetermined bias 
voltage is impressed to a substrate 40, respectively. This bias voltage is bias voltage produced according to the interaction of the RF and plasma 
which RF generator 41 for stages gives. The RF power which the electric power supply mechanism 3 supplied is introduced in a bell jar 12 through 
a high frequency coil 31, gives energy to the gas which exists in a bell jar 12, and generates plasma. The generated plasma is diffused towards the 
downward substrate 40 from a bell jar 12. In plasma, a predetermined product arises, and when this product reaches a substrate 40, a predetermined 
thin film is created. Under the present circumstances, the ion in plasma is accelerated by the bias voltage produced by RF generator 41 for stages, it 
collides with a substrate 4, and membrane formation is effectively performed by the energy of this collision. 

[0021] For example, when creating an oxidization silicon thin film, mono-silane gas is introduced by the first gas feed system 21, and oxygen gas is 
introduced by the second gas feed system 22. A mono silane decomposes by the plasma of a mono silane/oxygen, and an oxidization silicon thin 
film is created by reacting with oxygen. In addition, the pressure of a membrane formation room can generate now three or more [ 1010cm - ] high- 
density plasma in the field of 100 or less mTorrs, and it has come to be able to carry out the thin film creation of it at a high membrane formation 
speed by this high-density plasma with the equipment of drawing 1 . 

[0022] Now, if the above-mentioned thin film creation processing is repeated, a thin film will accumulate on the inside of a vacuum housing 1, the 
non-arranging field of the substrate stage 4, etc. If it repeats the number of grades fairly, it will judge that removal of a thin film is required, and the 
following plasma cleanings will be performed. That is, the substrate which processing ended is taken out, a non-illustrated gate valve is shut, and 
once carrying out 1 1 ****s of exhaust air systems and exhausting the inside of a vacuum housing 1, the arrangement field protector 400 is carried 
in in a vacuum housing through a gate valve. This arrangement field protector 400 is arranged on the substrate stage 4 like a substrate 40. That is, as 
the arrangement field covered by arranging a substrate 40 is covered like a substrate 40, the arrangement field protector 400 is arranged. 
[0023] Next, the exhaust air system 1 1 is operated again and the inside of a vacuum housing 1 is exhausted to about 0.1 Torrs. Next, the gas 
introduction mechanism 2 is operated, Freon 14 gas is introduced into 400SCCM(s), and oxygen gas is introduced in a vacuum housing 1 by the 
flow rate of 100SCCM(s). It is made to connect with the piping 221 of the mono-silane gas used for thin film creation, or the piping 21 1 of the 
oxygen gas as gas for plasma formation as composition which introduces Freon 14 gas, the piping 26 of chlorofluocarbon 14 gas is formed, and the 
composition changed and introduced by opening and closing of each bulb can be adopted. 

[0024] And the adjustable conductance bulb 1 14 prepared in the exhaust air system is controlled, the pressure in a vacuum housing 1 is kept at 
about 2 Torrs, and the electric power supply mechanism 3 and RF generator 41 for stages are operated in this state. Although plasma is formed in a 
vacuum housing 1 of this, that plasma is formed also near the front face of the substrate stage 4 auxiliary of RF generator 41 for stages differs from 
the time of processing of the above-mentioned substrate 40. That is, the RF power which RF generator 41 for stages impressed is introduced into 
the space near the front face of the substrate stage 4 through the dielectric block 402 for adsorption of the substrate stage 4, and the arrangement 
field protector 400, and plasma-izes the gas which exists in the space concerned. On the other hand, the electric power supply mechanism 3 forms 
high-density plasma like the time of processing of a substrate 4 in the position distant from the substrate stage 4 the considerable grade. 
[0025] Since plasma is formed in such two places, plasma is formed efficiently in the latus space in a vacuum housing 1 . Consequently, it 
********** s efficiently and the deposition film of the non-arranging field of the inside of a vacuum housing 1 or the substrate stage 4 can shorten 
the time which plasma cleaning takes. The RF power which RF generator 41 for stages gives for example, by about 13.56Hzl000W The power flux 
density which broke this power by area of the front face of the arrangement field protector 400 is 0.5 W/cm2. While considering as the conditions 
which are a grade When RF power which the electric power supply mechanism 3 gives was made into about 1 3.56MHzl 00W and gas was 
introduced on the above-mentioned conditions, the plasma cleaning required about 60 minutes conventionally was completed in about 10 minutes. 
[0026] Next, the arrangement field protector 400 used for the plasma cleaning method of this example is explained. As above-mentioned, the 
arrangement field protector 400 is replaced with a substrate 40 in the case of plasma cleaning, and is arranged on the substrate stage 4. However, 
since the quality of the material is limited to a dielectric, it is not appropriate to call it a "dummy substrate." 

[0027] It is for telling the RF which RF generator 41 for stages gives efficiently to the space near the front face of the substrate stage 4 that the 
quality of the material of the arrangement field protector 400 is limited to a dielectric, although it is in the above-mentioned explanation to Ming. 
Since the dielectric block 402 for adsorption is formed in the upper surface of the stage main part 401 of the substrate stage 4 here as above- 
mentioned, even when not arranging the arrangement field protector 400, the member of the front face of the substrate stage 4 is a dielectric. 
Therefore, introduction of the RF to the space near the front face of the substrate stage 4 is possible. 

[0028] However, when the above-mentioned plasma cleaning is performed without having arranged the arrangement field protector 400, the front 
face of the dielectric block 402 for adsorption ********** s violently. It is because it will ********** i n the front face of the field covered by the 
substrate 40 among the front faces of the substrate stage 4 in the case of processing of the arrangement field 40, i.e., a substrate, violently by being 
directly exposed to the gas of etching nature in the case of the above-mentioned plasma cleaning since a thin film does not accumulate during 
processing of a substrate 40. When the front face of such dielectric block 402 for adsorption ********** Sj and etching does not advance uniformly, 
there is a problem to which irregularity is made on a front face, consequently an electrostatic absorption becomes uneven. Moreover, when severe, 
by all the portions of the adsorption electrode 403 top **********j ri g j the adsorption electrode 403 may be exposed and electrostatic adsorption 
may become impossible. 

[0029] In addition, in the non-arranging field of the front faces of the substrate stage 4, since the thin film has accumulated during processing and 
under plasma cleaning ********** s this thin film, the front face of the lower substrate stage 4 does not **********. Moreover, although this 
portion may ********** wn en cleaning operation after removing a thin film completely continues, since it is not the portion which arranges a 
substrate 40 from the first though an arrangement field does not********** more mostly and it ******* *** s , the problem that electrostatic 
adsorption of a substrate 40 becomes difficult is not generated. 

[0030] this example - this - it obtains, and in consideration of the Yona soil point, the arrangement field protector 400 is replaced with a substrate 
40, it arranges on the substrate stage 4, and protection of the arrangement field of the substrate stage 4 is aimed at As for the portion which covers 
completely only the portion which a thin film does not deposit at the time of processing, and a thin film deposits, it is [ this arrangement field 
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protector 400 ] desirable that it is the configuration which is not covered. That is, it is because it remains without etching of the above-mentioned 
substrate stage 4 arising in the portion if there is a portion which is not covered into a part of portion which a thin film does not deposit, intercepting 
the gas of etching nature to the thin film of the portion if there is a portion which is not covered in part about the portion which the thin film 
deposited, and removing the thin film of the portion. 

[003 1] In this example, in consideration of such a point, the arrangement field protector 400 should be formed by the member of the tabular which 
consists of a dielectric, and it should conform to the size configuration of the front face of a substrate 40 of processing the size configuration of the 
front face, or the size configuration of the arrangement field of the front faces of the substrate stage 4. In addition, although the size configuration of 
an arrangement field is the same as the size configuration of the front face of a substrate 40 in many cases, in the space for delivery of a substrate 40 
existing etc., both may differ. Moreover, it will ********** j n the midst of plasma cleaning the arrangement field protector 400 above itself as the 
above-mentioned explanation shows. Therefore, it is desirable that it is the quality of the material which emits the material used as a foreign matter 
in the case of processing of a substrate 40, and when a substrate 40 consists of a silicon system semiconductor, the above-mentioned quartz glass is 
used suitably. 

[0032] Moreover, as for the arrangement field protector 400, it is desirable from equipment or the point of simplification of operation to constitute 
so that carrying-in taking out may be carried out by the same conveyance mechanism that a substrate 40 is conveyed into a vacuum housing 1 . In 
this case, a heavy thing more remarkable than the weight of a substrate 40 exceeds the tolerance of a conveyance mechanism in many cases. As for 
the weight of this point to the arrangement field protector 400, it is desirable that they are 10 or less times of the weight of a substrate 40. If thin 
[ almost / thick ], it becomes impossible furthermore, to pass opening, although it is desirable to pass openings, such as a gate valve, as well as a 
substrate 40, and to be conveyed in case the arrangement field protector 400 is introduced. In this case, after returning the inside of a vacuum 
housing 1 to atmospheric pressure, a vacuum housing 1 will be divided, and troublesome operation of arranging on the substrate stage 4 on it will 
be needed. As for the thickness of this point to the arrangement field protector 400, it is desirable that they are 3 or less times of the thickness of a 
substrate 40. In addition, if an example of the size configuration of the arrangement field protector 400 which consists of quartz glass mentioned 
above is given, an equal will be used [ thickness ] for the size configuration of a 6 inch wafer for a surface size configuration by about 1.5mm, for 
example. 

[0033] Next, the pressure at the time of enforcing the plasma cleaning method of the above-mentioned example is explained. Drawin g 3 is drawing 
showing the result of the experiment investigated about the pressure at the time of enforcing the plasma cleaning method of this example, and is the 
graph which showed the relation between the pressure in a vacuum housing 1, and the etch rate of the oxidization silicon film in vacuum housing 1 
inside. The vertical axis of drawing 3 shows the etch rate, and the horizontal axis shows the pressure of the membrane formation room 13 interior. 
[0034] It is the RF power which impresses the RF power which sets chlorofluocarbon 14 quantity of gas flow to 400SCCM(s), sets an oxygen gas 
flow rate to 100SCCM(s), and is supplied to a plasma production room as conditions for the experiment of drawing 3 to 2000W and a substrate 40 
0.5 W/cm2 It carried out. In addition, while adjusting the opening of the adjustable conductance bulb 1 14, the pressure in a vacuum housing 1 was 
changed from O.lTorr(s) to 5Torr(s) by adjusting and carrying out evacuation of the rotational frequency of the turbo molecular pump which is a 
main process pump 1 1 2. 

[0035] There is an inclination which the pressure in a vacuum housing 1 increases from the neighborhood exceeding 0.5Torr although an etch rate 
is about 50nm/minute in the field of 0. 1 to 0.5Torr(s), 400nm maximum for /is taken near about 2 Torr, and there is an inclination which decreases 
a little in the field where a pressure is still higher as shown in drawing 3 . Moreover, in the field exceeding 5Torr(s), it became unstable plasma 
discharging a pressure, and when it became impossible to have generated plasma, it was. The pressure field in which the etch rate was high and 
suitable for plasma cleaning from the above result is judged to be 0.5 to 5Torr(s). 

[0036] It is also possible to select the equipment which forms helicon wave plasma as equipment with which the above-mentioned plasma cleaning 
method is enforced. Drawing 4 shows the outline of this kind of equipment. If a strong magnetic field is added, helicon wave plasma uses spreading 
the inside of plasma, without the electromagnetic wave of low frequency declining from a plasma frequency, and attracts attention as technology 
which can generate high-density plasma by low voltage recently. When the propagation direction of the electromagnetic wave in plasma and the 
direction of a magnetic field are parallel, an electromagnetic wave serves as the circular polarization of light of a certain fixed direction, and 
advances spirally. It is called helicon wave plasma from this. 

[0037] With the equipment of drawin g 4 which forms helicon wave plasma, it replaces with the high frequency coil 21 of drawin g 1 or drawin g^ , 
and the loop-like antenna 24 is arranged. An antenna 24 bends the member of the shape of the one shape of the round bar, and a strip, and makes it 
the configuration of the shape of a loop of two steps of upper and lower sides. Moreover, the magnetic field formation mechanism 25 is installed in 
the circumference of a bell jar 12. The magnetic field formation mechanism 25 is a double coil which consists of inside coil 25a and outside coil 
25b, and each coils 25a and 25b are arranged in the position on a bell jar 12 and the same axle. As for inside coil 25a and outside coil 25b, the 
direction of a volume and the energization direction of a coil are adjusted so that the magnetic field of a retrose may be formed mutually. It has the 
advantage of being easy to make a desired magnetic field from making the magnetic field formation mechanism 25 into the structure of a double 
coil. The magnetic field formation mechanism 25 can also consist of single coils. In addition, since the magnetic field which the magnetic field 
formation mechanism 25 generates conveys efficiently the plasma generated in the bell jar 12 interior to the membrane formation room 101 interior, 
it can promote the densification of the plasma in the membrane formation room 101. Consequently, there is an effect of making the efficiency of the 
above-mentioned plasma cleaning to the inside of a vacuum housing 1 or the front face of the substrate stage 4 increase further. 
[0038] The plasma cleaning method of the invention in this application is effective also to the vacuum processor of others, such as equipment which 
carries out dry etching of the substrate not only using the above-mentioned plasma vapor-growth equipment but using plasma. Moreover, although 
the example using gas and chlorofluocarbon 14 gas (CF4) with an etching operation has been explained, it is in Ming that an effect is the same also 
about the gas which used chlorofluocarbon 1 16 gas (C2F6) and 6 fluoridation sulfur gas (SF6), or mixed argon gas to oxygen gas. In addition, if 
argon gas is used, the argon ion generated in plasma can perform plasma cleaning, performing an efficient spatter, since the sputtering yield is high. 
Furthermore, as a material which forms the arrangement field protector 400, an aluminum oxide, sapphire, etc. are mentioned in addition to an 
oxidization silicon, quartz glass, etc. 
[0039] 

[Effect of the Invention] As explained above, according to invention of this application according to claim 1 or 5, the plasma cleaning which 
removes the thin film deposited on the front face of the substrate stage in a vacuum housing etc. can be completed in a short time, and can 
contribute to improvement in the availability of equipment etc. Moreover, according to invention according to claim 2, since cleaning is performed 
in the higher pressure field of an etch rate in addition to the effect of the above-mentioned claim 1, plasma cleaning can be completed further in a 
short time. Moreover, according to invention according to claim 3, since plasma can be used for processing of a substrate in addition to the above- 
mentioned claim 1 or the effect of 2, plasma vapor-growth processing and dry etching processing are attained. Simultaneously, since the electric 
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power supply mechanism for substrate processing operates in the case of plasma cleaning, still higher-density plasma is formed and plasma 
cleaning can be made to complete for a short time further, moreover, since it is possible to form the high-density plasma to which an electric power 
supply mechanism has three or more [ at least 1010cm-] densities by the pressure of 100 or less mTorrs in addition to the effect of the above- 
mentioned claim 3 according to invention according to claim 4, plasma cleaning can be made to short-time-ize further Moreover, according to 
invention according to claim 6, in addition to the effect of the above-mentioned claim 5, it becomes suitable composition when a substrate consists 
of a silicon system semiconductor. Furthermore, since according to a claim 7 or invention of 8 in addition to the above-mentioned claim 5 or the 
effect of 6 it is the mechanism of carrying-in taking out of a substrate, and a thing with existing operation and can constitute, it has the effect of 
excelling in cost. 



[Translation done.] 
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mebecdrb] 

[r$bu *4m*mx.fcx&*mt* n&gggpg 
*o*BOTffe»«xi4ai«x5 i -^«>«iif © 3 s ©a 

£«X:> — >*©*©© 5 •5©S;Ei2H©;fcj&©£i#KE 

X t— K««Mt*f fc J: -3 T0r«©K^ jSS^j 

Xt— S?©aE©i&El;:XTXT£JBjfcU £©XtX 
V fc J; t, r£ 1; 5 fliifStfX ©X ? £ fflffl b T 

*«X t- ^©^ffiJftftllfiXttSC^^Sffl ftBWSE & 

»** 3 ' t ^«Si1-SSSXT-Vffi^TX*V^ IJ 

X©£E2j£\ 0. 5Torr*S5TorrOii<!:t 

zzt z®mt?zm i mmo??*-?? y-x> 

©m*Sr*AUTSK©MS©^:J6©y7Xv^^-r 
5«Aft«&*#lSfllAT*D, HWBXt-S?«K»«« 

*t?&m*m i x«2fe«©y 7 xv^ «j-->^ 
&. 

[R&E4] Me«Aft«ttM». 1 OOmTo r r 3< 

c t £#m t-rs 3 ie«©xtxy v >j -- > y 

stt-r-5»*« 6 re*©EfiE«#«fk 
[■»*«7] ffls-r*ss©aaic*fbTi o#fj^T 

[»#«8] ESTSESOESCttLTSBfirF© 
WS^*«£4:SERfc-rSB*E5;3tt46ER©ER 

[£E©EBttB&] 

[0 0 0 1] 

Ecjsitig ic&ffl sn* :/5Xv««jatoBB»©« 

£BBBBfi:*fr>T. *^^§§©ft®^«S§S§l*I©gS 



u; <$M¥8-3 3 0 24 3 

[0 0 0 2] 

[£*©&«] 0 5 B. ft*©X££a£B©-B£l, 

h 5 iz^-r^yx^^^mmu, #«* 1 1 sai* 
fc*2§8§ 1 1. *&$sg i mmfetDiizmxtz 
%zm\mm2t, BASft&afxKx*^-^*. 

**ff5«*4 0*E«T*fc»©«R*x-5>4fc£ 

io *6ifcE*snTi»*. 

[0 0 0 3] E5©gETtt, *Hw©t*- 

a tTS«4 o s*^ag i rtctfiALiisxf-i' 

#X*A««fc«kr>TBf£©#X&i|IA-r 
5. Jfcfc. S*«l&«|«|3{C±t>TS5^JSrSA^©X* 

*S 4 o 0*EeE&©MR0tffift3ft«. e*«. # 
X*A»#I 3toT->5 >#X tEijitfX Aftt 
» «. ^XTJcj^-raftKEBtsi;, Efl;&iS§©j$ 
R#BE4 0©*ECfpj«an*. 
[0 0 0 4] EEBBKJ:«y9;r<r£ffiftftBBfc& 
HT, »R{MtEB*BDELTfT"5i, IRxf-y 
4©75XTfcBHlLfcBB*«a*Sl ©ftBfcfcB 

a«MW*t, j f , ^T«i»tt©i*}f5^c«i:ofij*<n, 

R»*©»4BHfcfc*. C ©Bft*#S£ 4 0±©S 

<bE**EicfNr < r«&EExnft£i;a«. seea: 

S*ER©EiBEE<&ffiT-a-b»5tV5 5Kg**C 

f. ^TXvxy^>^EE*©*ffiEB«Brt»4i; 
TW*. W1>, Xy?>^sn«:#»«JaE«XT-5?© 
»B**E*S©rtBfc*RLTBR£&»). *ti*t« 
BLT4i;&B»**taiE±©|iiE*B«S**tV»3 

[0 0 0 5] £©£5&B«B©B#me|IMrrsfcB 
fc. BBT*Efc«BB*Xy^>ifbTB*bTL* 
3X7Xv^U-x> ^©^ w Cft^nTU 
-So dO^rtt, 7D>l4^fX (CF< ) :B3R# 
X=8 0 : 2 0BB©B#*^*^»ABB2fcJ:o 

T»a«Birtt*Au yo>i4f3z%zzm*ij 

XfcJ:«^5XvtfeES#. X5XT©^fflKckD* 

laR^x-y^^^Lr^s-rs. ip^, x?XT*rfi 

ii^CFx (x=l, 2, 3) \ CFx-ft> (x = 

i. 2, 3) , EB**xtt*»-f*>*!4Ean. c 

^S©*E*fiHtBXI4'f*>«f*iiBtK«:LTBE 
[0 0 0 6] 
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3 

s«©«aa©fc«e>fc««-r 5 *>© t tT&8Kw#tf££ 

nrvv^. £©£, &S0X7XVKjgc»*5<hS«© 

sns«^e>«3gfi^nfc<4sicf8Ban*. £© 

±EX7Xv*'J-x>XSfrofclK, SfiXf 
-v©SBtt&©X7Xv^2[£<fcS;?5£#& 

k ^©ig*, sfixx-^©*strit«KSK5*-rs 

[0007] mz, 77X-?§mi$.&ms<D&5temm 
ft&&w-?\t, 8«7.x-v©«®©5£> m*>\z& 
mz£oTWftnx^zfc*iL («t. eb^«) iz\m 
m\mmvu^^ ibnTv^n«as« (err. # 
msmm \z\t&fctw\m\znm&mm-rz>. ifi¥, $ 

ffltS^tlCSS. ^©^fCJlKitfgLfcS 
&X^-^©#EB®«K2tbT, *g&MK<S^g© 

x^xvb^ftif&^n^^fefe, ±eX5Xy?u-x 
> ^©g^fpgikiige©^ w^ffiT-& u» 5^f©^j 

X££gg©f*3®&i:©a?r©X7Xvy- U-->^lc*i 
V>Tt>. X>>?>^SS:^tCi^<T^-r, X^Xv 

[0008] *m%mt, ^ssis^ft-rsfci*!'^ 
e \zmm b * x? xv ? u - - > x $® 

pjtitc-r-s ^1 i: * B LT^S. 

[0 0 0 9] 

[gis*s?ft-r^fc*©#a] ±f&mz&tftrzrz 
a. *^©ai*s i E*©g?m »M^*tiAfc»s 

*£$8l*llCi?r?£©#X£igAr3#XigA*8 

x^sgrt©m«©ttitc»«$BeB-rsfc*© 

ira-r 5 x t— &m&mm t *m ^M^mmm \z 
s^t, 5aa-rs»ffi©*®©^^xtta«xx- 
v©«®©p^©a«ffiB©fe»©^©^ffi^tcji 

£ Lfc^i£®tt©3lffi£rf S&tlfl^ <E>fcS«#©K 
Bffi#&&& £ lWE*«X x- v ©*® © 5 1> ©« 
B©fcise)©^lcEBUTC©^<£S^. XyJ-ys/ 
f^ffl © 5 ti x £ itOEflxifi A*8#l \z i: o TXS^ggrt 

©iSra&aAfc&ffixx-i^cBijigu wnn^n&fis^ 
isn* k ck o tis^f- i>o%m<DT&mz Xv xv & 
#j«u ccX^XvicfcoT^D^Kfa^xcx^? 
V^fPffl*fiJfflUT8«Xx->?©*iii*ai«xt4«S 
®gg©ft®#M£i$£Ts<h^5ffij££rrs. m« 



(3) ^fH¥8-3 3 0 24 3 

c:±EBtt£i£jrrsfc©. m*m2&m<D%w\t, ± 

fBM*« 1 ©^IC*5^T, iBA£ftfcXy:f>Xf£ffl 
©&5#X©JE;fr£, 0. 5 T o r r 5 To r r © 
«Ht't5. ^«ICJbEBM£ji<&r5;fc<&. tt*JS3 

^i&SgBii, *3S£i§i*ilcf9f£©«;*j£»ALTS« 

©»a©fc*©X5;CTS»rtr***«iMi*i*»t 

&1&m®te> 1 0 OraTo r r filT©E*lCT^< i 
<bl 0 10 cm- 3 £<,±©^«&*-r-5S^«X7XvS^ 

jrrsrttfpmfc *>©-?<&*. E&i;:±EBM£3§j5£ 
3xtt4tBa©X5XT^u-x>x*feic^fflsns 

B»**l*r*&©. tt*a6E*aft91tt. ±Eg|* 
9!5©||!j«fc4sV>T. 535^f9^*>6»J*StlT^*B 

a? mzmfcTZtztb, »3RJR7E«©529itt, .kEKftg 

5xti6©«j«ic*nT. «ar**K©a*K**i/T 

1 0«&T©fi*©EB«««S8#?»*i:V>3*lj££ 

©sswa. ±E»*5j5Xtt6©*)«fc*^T, ftiar 

*«*©JM 3 f&e*T©*S©Efi««««# 

[0 0 1 0] 

immm) «t. *s^Hj©*jsesi&si^-rs. 01 
•5. 

[0 0 11] 0 1 lC^fX7XvafflfiEgSfi«. 134 
©gfit^«. 1 1 1 1, 

®Mito\zm%<DJ3x&mA?z>%xmA®m2 1, « 
Asnfc^xcx^i/^-s^ATX^xv&jgjs-rs 

Xf- J? 4 fcBhfe©W«»«**B«iPf 

[0 0 12] *r. X<K*Slt2. JSK^I 0 1 t. A 
S102 t«|ftl,Tt>*. *UT, J^ffiS 1 0 1 

r*«»t*a»a*i 0 2 *mtfLT*B%ti!ftftmTii 

>ft>X§OfcM*5. Sfc, ^KSl 0 1©S6» 
©X^^S 1 ©8§glCtt^ia*©X- HA^XiWKlte 

n. K3S»m^i 0 2<Dm#<D®mz\t> i*» 
50 ffl?i#^>xi 1 it, a?i#^>xi 1 i©mai:e 
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5 

f£2ftfc£#>7l 1 2t, etl^ffl*>yi l i, i 
1 1 3&^wr^n>^^^>XA';^l 1 4£*»S±fc 

•wsaft-cn*. 

[0013] ±GXffi«aitt. ±ffli:^i>-i2 

HPiWRttSft, Olo^-l 2tti©WP|c^fc8 
«aftTV»*. ^f-12B, itg2 0 0mmSS 
©**«©»#*#*■*«>©■?* D. H£#:rX3s©SS§ 

[0 0 14] #Xi*A8H82l4. H6fcwf«Tr». - 

5©«m*2i, 2 2*>s**snT*o, ~a© 

©mA*2 1, 2 214. ^^©tfXtf^lC&K 
an&E«2 11, 22 It, Et2 1 1, 2 2 1©& 
«fc&l£aft;fc#X$A#2 1 2, 2 2 2 t*>S±fc« 

jsaftrv**. 

[0 0 15] H2I4, ±te#XSA&2 1 2, 2 2 2© 

#lfiE£IB9i-f-5iaT;&.5. @2ic^-TJ;5ic. #x$a 

#2 1 2, 2 2 2(4. KHnjSonSttC/K^S* 
rtSftTfraS. ^©#X«A#2 1 2, 2 2 2(4, JU£ 

Mit«»t6nfcSdwi2 3cj:-3T3a»an, x?g 

af**itt, n«»o«^>b**u ftes^©«-&t>a& 
*. *&, *s#gg i ©«ft«Mtffcfta-r*««T*iai 

«2 4*iiS:tt&ftTi3D. ^©Hii-g2 4©-Jg(4^X 
$A#2 1 2,2 2 2 fcSSRSftTH*. #X$A#2 
1 2, 2 2 2©teJgtt01©E<g2 1 1, 2 2 1 Icfti^ 
SftTV»«. fLt, #X«A#2 12, 2 2 2«. El 
2lZ7*-r£o\z, •e©rtfJElC*X^#tBLD2 
UTH*. C©*fX*C*fflLD2 5tt. |t&0. 5mm 
e*©.MP-C»0. 1 0mm8««D|HJ|H**V>T«±fc 
Rtt&ftT^-B. 
[0 0 16]-^ HlfcRO. 3 (4. A 

^3 It, r©i!5^&3-f;i/3 lfctt£«3 2&ftLT 

*mra**fflrr*jMmM3 3 t^site^a 

*lTfr»*. XMjttl3 3IC(4. 3. 5 6MH 

z©K»««ASS!4a*St)©*J»fflan. SS^iSn 

an-2.0 

[0017] *&, X£gg§ 1 1 2 ©T 

#&gfc«, »«^t— y4«itt»tsnT^*. r©s 

«Xr-^4f4. fflaSfr5StR4 0 **BffcE»aii' 
•5t>©Tab0. ^JSi.fcOfcSX-r-v^fM 0 1 1, £ 

©xx-x*#4 0 i©±BBi;:ER3ftfcK*jassm# 

^n y ^4 0 2ia»6*fc«HJstiTt»*. SKXt— 
iMtt, ^«®*IC«koTS«4 0£*Elc©g-r-5HI 



< 4; ftW¥8-3 3 0 24 3 

tt, *»««4 0 3d«a»jasnT^*. *lt, k* 

Sffi 4 0 3 IC0f«©«tt«4A««*A«K4 0 5**R 

ttSft-cBD, ^ntciorsis#:^D^^©g®(c^ 

[0 0 18] S«X'5r-5>4©«iBSB3J:3fc 
UTv-;PH«4 0 5)Wtt»6nT*0. 5"-;PH«4 
0 5t&&Z7—i?4t<Dmz\tim-7nyt;4 0 6ifl 
EESftTH*. ■C©5/-;PH«4 0 5(4. »£X^- 
10 3? 4 ©tttr fc75Xvj&tB 0 ^TXimttMl^ 

n-5©$Hrit-r5fc«e>©t)©-pftt), ^©^jg^e.jg 
iS4 lAmentus. c^x-r-sraiMWHwu 

1(4. ®aB#iC(4^7X-7tii5«St©*BS^ffltC«fc^ 
TS«4 O(C0f5e©StRA*-r7XSJBE^BJiD-r5«fc51C 
»ft*U ^^Xv^U-->^©|Blcl4^-r-5«t3iC 
S^^-y4 ©^Ei5^l3 ^7X? 5 «fc 5 It 

# [0 0 19] ±E*<j5fc«5^5XT»«*fi*EM:. 

.ai/T*«4ot*a«8irtt«xu iisxT-y 

4±lcEfi-fS„ y-h/WrrtECTiftMll l£ft* 
»S*. X£#SlA£flAtf5mTor r8A£-rft 

Mrs. *k, »x*Atwi2*iMpa-&,.Bfje©3ffx 

*»f«©**T*a*» 1 rtfc*AT*. C©E.. tfx 
(4, iff2 1 1, 22 l*^H^2 4&eSbTj!fX 
*A#2 1 2, 2 2 2fCffc*Saft. #X$A#:2 1 2, 
2 2 2<D%X<kgmLa2 5ftq,fimzft%mt£5\z 
30 LT*£S«l|<jfcWA3n-*. WXSftfctfXttJia 
£g§ 1 rt*WRLT^;^t- 1 2 ftfCjtT 5. 
[0 0 2 0] C©«»T«*fti(&tW)|3*fPI!ia-a-T. 
*]i*«*3 3*>6«#S3 2*^bTK»»3-rA'3 
1IC13. 5 6MHz 2 0 0 0WSft<OKAS«A«9 
JOT*. HlltK. Xr-SWMIfcttM 1 felkffU 
0 t0f«©/W7X«E*t^tl-ftlWJPanS. 
-©A'-i-7X«JBE(4. Xx-S>fflHMfc«SU 1**4A 
* SS^iS i y 5XV £ ©ffiSfftfi K ± 0 £f*/t-f 7X 

•bet**. mij^mmsi)imkLitmmmi]\t. 

40 SH«3-f;P3 2|*lC«Aa 
ft, ^p^^-x 2|*Jfc?WFr«»xfcX^^-€4 
ATy5Xv£±J5£-r^. ±«aftfcy5XT(4. 
S^Y-l 2*>ST*©*«4 0 IC|Rj(tTt£«!-rS. ^7 
Xv+Ttt. B%©£jMMt£C. r©4fiEWSK4 

^t— v 5 ffliSS^&SiH4 lfcJ;-3T£i;fc/W7X 
«BEfc«fcD. X5X*T(f©-f^>^Jnji$ft TSffi 4, c 

fffcft-Sc 

50 [0021] MAOKjbexffR«^-r««^ < m- 
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©#XigA£2 Hc.fcoT^/v'^tfX&iSAU |g 
-©#XiSIA£2 2ICioTK^5!;X^A-r5. 
v7>/Kif?©X5XvK,fcoT*/->5>a<7>«U 
£K«f S C <b K <fc t> T»fttt*»R*»^J«a n 
*. N. 01©3SBTtt. fiKHg©E7J*tl OOmTo 
r r .KTfflBBKT. 1 0 10 c m- 3 «±©itS®&X7X 

[0 0 2 2] ST, ±E«Wf^rtEfflaftliOfil/T^< 10 
t . H££§§ l © rtS^SBx v 4 ©#Efi*WE$ 

fc»«*»*MLT<*. ffl^es©iHi&8ioigbfce>, 

•J-=>y*fr3. IPS, fflat*»»7b&S«&*fflb 
T-fi*BBSlrt**BL&«, y-h/W^SBb 

tebb«&s#4 o o %M&®%mzm\?z. ^© 

EB£i«£B#4 0 0 £SB4 0 tn«fc*SXx-5? 
4tcEBfs. bps. S«4 0*<Eesnse:t{c±9 

T. EfiB«#B#4 0 0 &EBT3. 

[o o 2 33 l&mttbffrs-a-, o. it 

A«B2*»fts*1*T, ra*Mt**jt/x*4 o o sec 

M, BSltfXfcl 0 0 SCCM©if£a-r*^$|glrt(C 

ii^ic^ffl-rs ; &y->7>^x©E^2 2ix(i^7 

Xv»«ffl#Xi:l,T©B*:ifX©E»2 1 1 tC&S££ 
1tT7D> 1 4#X©EHr2 6 6*©/w:/© 

[0 0 2 43 -£LT. «WCW6JlftlM3^ 
*>XAMPXl 1 4*fflWLT*$$8glrt©JEE**2 
To-rraKKft&. £©ttBT*:*J«*&«B3RtfX 

ns&gg i rtt^x^iWftjtsn*^ ±e*B4 o 
«t i t&bx v 4 ©gas#ifiic ibWdne x? 

lUMSnsctTftS. BP'S. Xx-^BBBBBB 

BB#Xn y ?4 0 2RtfEg®*f&ffig#:4 0 0£ffiL 40 
TMXf-v 4 <D»«S»©BIII|fc*AStt, 3t££ 

ffi3tt, £B4©ffia©R(£:ft&£. SlXf-^4ii 

[0 0 2 53 CO«t3tt-"3©«BfTr^7Xv«t*J«a 
ns&*. *^$881rtffll£V^PflT^i*J;<X7Xv 
MMtetlS. £©«£«. K^SSS 1 ©rtM^S^XT- 
-^4©#EB«*OJt«il*«»*A<Xy^>yS 

BAH Xy-i>B»HB*S4 1 50 
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ft81¥8-3 3 0 24 3 
*S5BB«*#<1 3. 5 6 Hz 1 0 0 OWgJfe. £© 

«:*i£EfiB*BB#4 o o©BH©«srefti9fc«a 

BB*t0. 5W/cm ! 8B©*#fr-Sitt>JC» B 
7J&i&$B3at^A3ilSTO^j£l 3. 56MHz 1 
OOWBBfcU ±f2£#T#X£igALfc«£lcra: > 
6 0»gSSLT^5X^XT^>J-->^*ti o 

[0 0 2 61 *K, **B«0^5XvirU-n>jf* 
ttfcfto£n«EMttfflMM 0 0Ct3t»TR!!t 
5„ EBB#B8#4 0 0», ±^©30. X^Xv? 
U-r:>y©«fi:£B4 OfcftATSBXx-iMlCE 
BSttS *>©-?&*. fit, ttg#8f€#l;:|g£2ft£ 

[0 0 2 7) EBBH&«g#4 0 0 OftBtfttBttCIR 
JtStU&Citt. iEiKWSW?****, Xf-/ 
BBBBBB4 l#4A**B»**fiX7'-5>4©* 
Bffi»©BWfc»*JJl<fi*..&&»"e**. mt?. W 
KE©iiD. S«Xf-^4©Xr-y*ft4 0 1 CD±I 
fctt*BB«B#^ny^4 0 2*tR»t'6nTV»*fc 
ft. EBB«««#4 0 OfcESUSWtV&Tfc. SB 
X?-y4 0«HO«i»ttB«# , rft*. fct, SB 
Xf-y 4 OBBBBOgM^OftBttOKAIi TOT 

[0 0 2 81 L^L,fc*<6, EBB«£S#4 0 0£E 

tt. MffitHtf ^9^4 0 2©*IiWIL<iy? 
>^Sn5. fcV>3©tt. iSXT-v?4 0gI05 
EBB«IP^SB4 0©5aa©^tcSB4 Olcio 
T«t>tt*«*©*II.fctt, SB 4 0©ftLB>f>lc*lld. 
i#«L&V>©T-. ±EX9Xv*U-=>if©l(HCttx 
y?>^tt©j!fXfc»»«aft*;:fcfcJ:l>. BKx 

s/^^i/snactt&^STJbs. £©<fc5fc«5& 

IW*7"D^4 0 2©^ffi*tX^5 1 >^n-5a:. 
*»T#. £©«£*. BB*B«UH)8«**S-fcfcaW»&» 

**. ifcoafv>«^fctt". ®^mB4 o 3©±fi3©SE 

$Wf^TXy^>^Sn3£ilC<fc9T«B*tt4 0 

So 

[0 0 2 9] ft. SBX^-vM ©SBC'S 5©#EB 
BBTtt. -BB«l«lcBK*»*abT*0, X5XTi/'J 
-x>i/**t^©»gg$x->g 1 >i/-rs©T, Tfflll©S 
BX^-iM©Sffi**Xy?>y£n*;i£ttfc^. £ 

EBB«S£#<X5»^>^*n-5^ttt?S:^ 
SfcX-y5 1 >^$nfctLTfe. tc^SB4 0£E 
fi-r*»»Tttair»OT. SB4 0©B*©BdtfflBfc 

[oo 3 0] *mmm-c\3., co5«fcaj«6B«u E 



( 

9 

mmi$.&m&4 0 O £g«4 O KfW.Ta«Xx->?4 

-5. ;r©eti&##8#4 o o a, mmmzm&ifitm, 

JMIl/ftl>»»(!)HIIM:lb4H»»«f*6t, *©« 
#T±Kg «X f— V 4 © X >;/ > U T U 3; 3 

•at, *<D&ftommtzMbxx.y?>if&<Dijzzm 

[0 0 3 1] sfefelMTtt. £©«fc3fc££r#IfU E 

u -€-©«M©-tte»tt*, aia-rssffi4 o©sh© 

■tj*«ttXSS«X'r-^4©*ffi©5-&©Ee®«© 

£v>a<, ««4 o©£tt«u©fcj&©£ra##ft-r-5« 

±EEfi««««#4 0 0g#«, X^X 37 
v^U-r:>if©g«f>fcxyf >ysnri/*5. *r> 

t. *«4o©«ia©i»fcS'»t^s&^tt*4J:ta-r 

6i54Wt*5:iWJ!L<, S«4 0*t«3S§* 

[0 0 3 2] Eg««£S#4 0 Oti. £«4 0 

ft©W^ff$LK £©*£, SS4 0©S«J;t3* 
Kl^Wtt. »i£«#l©flF«g£iB*.**£at# 30 

k c©jsta»s, eb£«#s#4 o o©a««. s« 
4 o©aa©i o»HTtft*niiWffiLn. se. 

IC EMttftBJM 0 0 £*A-f«IRfctt. S«4 0 

oTL£3. £©£*£>, ES^^S#4 0 0©ff3 
I*. *K4 0©JPS©3«aTT**J:t*WaELt>. 40 
ffl. tt»b&5£;tf7*«fc0&*EB**fiM*4 0 0 
©fttJBttO-HfcStf**. J»S«tl. 5mmfS 

v>t>©!«««Atf«fflsn*. 

[0 0 3 3] Jfcfc, ±l2*JS^!l©7 p 7X-7i"J-X>^ 
*ffi&*«T*IR©E*lCOl-iTlftWr5. 03tt, * 
*««©^5Xv^U-=>i^Sfj*SSiafir6R©£E* 

f*J©BE;*J i*2£g 1 rtjBK*ft*»flse*ll©Xy 
>^a©H«S^Lfc^'57T*5. 03©«E(ftttX 50 



) «pM¥8-3 3 0 24 3 

10 

[0 0 3 4] H3 ©**©*#£ UT«. 7U>14* 
X»S*£4 0 0SCCM, $3&#X8£g£ 1 0 0SCC 
MiU ^XTftdE*fcft««-*J5H»*A*2 0 0 
0W, »£4 0fcff»-r*K«aW*ft0. 5W/cm 
2 tt&. ft. WtE3>y99>7JW7l 14 ©MS 

zmmtztrnz, £#>xi 1 2t***-#$h*# 

lft©JEE*l£0. lTorr*&5Torr.tTj{t3 

[0 0 3 5] ■3.fcjft-raD. Ka#Silrt©ffi*j5« 
0. 1*60. 5TorrOfitflt X«/^>^&g 
tt5 0 nm/»19[T*54t, 0. 5TorrSg^|, 
8D*S*l*rr*«fo]J**D, i&2To r r#fiT4 0 
0nm/#©g:*:g£i!J, HfcHE**iifV>®«Tfa^ 
^«^T**l«ai8«»*. *&, EMBTorrSi* 
Sg#Ttt, y7XYMW$St4D > X?XT# 

fi«tt. 0. 5*65Tor rtWWSn*. 

[0036] ±E^5X 5 ? , ^>j-x>^ttjwiatan 
fctsnifc^rtnr**. H4 «. c©a©gB©«tis 

£jj*U&t>©T?»5. AiJn>Jg[X5Xvtt. 

«•&•** KX^x-^seg-ta c t ski/st* *>©■?* 
ftBsnT^sfe©-?*^. X7Xv>f©mB8ife©ete 

A.U n >ftX5X"7il*anTti5. 

[0 0 3 7] ^U3>«X5XV&Jgj£-r-504©gg 
Ttt. HlXttH4©K«»3-f^2 l.Kft^T. A— 
X#©7>xX2 4**ER;*ttTV>.5. 7>ft2 4 
tt. -*©A#ttXtt#*tt©««*«HfT±T-a© 
^-X^©JgJKCLfefe©TJb5. "WS^-l 
2©MBtcW|)»JMIIl2 

*8g2 5«, Wfflj3-r;U2 5 aift«3-f;W2 5 b*>6 
&a-Sn-f;i/T»0. «-3-f;U2 5 a, 2 5b(K;P 
5>lr-l 2 tR(tt±©ffiflllcE»$n*. rt«|3-fjU2 
5 a tn-«&3 4)V2 5 bti, S^tCiS*|Rl^©88**^ 

an*±3fc, □'f^©##*ifiita«^*ii!ssti 
t. Bfa©««sf^oa^t^3?ij/s**-r5. 

rt«T4j**nfc^9Xv*»*j:<j5iutti oirti 

{chirrs©-?. «^i o irtic*tt5X7Xv©iS5 
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11 

to o 3 8] *m%W(D-77X-?>7V-=.>>fj3mt. 

V>T*«* F?*Xy?>^*8B*©*©«©*3! 
ffiRRBfc*fLTt>*3»T**. *fc, Xy?>*fftR 
©<&-5#X. 7D>14^ (CF< ) SfflUfcWC^ 
UTRRftf? tjT^ffc**, 7D>1 1 6#X (C 
2 F 6 ) , 6*fcRJI#X (SF« ) ftffl^&O, 

STiSutiiwms. n. 7;nf>#xs&fflT 
•at. X5Xv*T£j&3ns7;i':*>'f:*>ttx/w 

T^U-r:>^£ff5rt**-e€f5. SSIc, KRM# 
«?x»£WHctt, gHI^Ji/Sx^, u-7r-f7»«» 

[0 0 3 9] 

caw©***] «±R9iufc«j:-5i;:. *m<om#mix 

*BJS:i!K*«bfc«W*»*-r-5^5Xv^ U-X> 

*4. *&, R#R2£«©5B«fc«fcfttf. ±E*#» 
10Sa*KlnA, x»/5 i >i'jiS©«tOS!V»EA««t? 

*y-->$Wrt>n5©T, sscjepshiicx^xv 

^U-x>^S^7-C#*. «*JH3E*©f6iH 

c±ntf. ±E»*3Bixtt2©3»*fciipA. mmom 
aic77Xv*ifijfflT#s©-r. x^xvmffijfcgffls 

frr*©-?, $6ic^igs©X7Xv*^$n, 75 
Xt? | j-^>*sse»icss#wtc^7$-t±scii:^-r 

*«. *£. »*3«4E*©»WlcJ:ntt. ±E»*3I 
3©»'*fc:i0*., «A^BttM». 1 0 OmTo r r£* 



(7) »B¥8-3 3.0 24 3 

12 

T©JEA \ZX'Ml <itl0"cm- 1 R±©tf R^fff 
*i«ffi«X7Xv£^j$T-5;i£#pIR&©T, 

*&, BI*3Ji6E«©5fii»fc«tntf, ±ER3R«5©& 

R*R7Xtt8©»RI;:.fcfttf. ± 
E«**5Xtt6©«*IClD;)t, a«©ffiA«Jffl©«{« 
*»ft*a«R#©t>©Tilli*-C**©T, nxHMtcffiti 

10 [HROfflHt&RR] 

[01] *R*8©*RR©7?XT$MJ-=>y2fS 

^*JsansK^MasB©«E»S0T*s. 

[0 2] 01©#Xi»A#:2 1 2, 2 2 2©Rj£*RH 

-t£0-e<&5. 

[0 3] **R«0!/5XTirU-=>^ttt3aW 

[04] *RR«0^9Xv^U-=>y*»*««iiS 
n««oSB©«l»R«*wLfcHr**. 
[0 5] a*OK2«aRRO-Ri:LT0^5XTft 
a? ffl(&BgB©«S$J*£^-0T<&3. 

[ft^©I&?J§] 

1 

1 0 1 j£R& 
1 1 »M£ 

1 2 1J\,Vr— 

2 #Xi»A8WI 
3 

4 fflJWf-y 
40 1« 

50 400 &sm®$m# 

4 0 1 Xf-^*# 

4 0 2 RJtfflRR^Dyjr 

40 3 

4 1 Xr-^fflRRiMW 



[02] 
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[03] 



<«/») 




ff * (Torr) 
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(9) 



^¥8-3 3 0 2 4 3 



[04] 



35 




[05] 





[IgtfJH] ¥e£74f9J! 2 OB 
[#«^«iE 1 ] 

miEftmmzi mm* 
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(10) 



ffiCD^®©^-)£^X(iStRXx- v(0^®CD 5 % ©S 

■ LT;r©Miaft8K Xy? 1 >^ftUB©;&.g,#xftli9 
E#X*A«»tC£oT*2£igftKi*AT*££'6>fc 

Xr- ^©*@©j£8!;:X9XvftJg/j£U 

[»#9i2] lWflHi»ASn&Iy^>^fflO»«5!f 
X©JEE*ft, 0. 5Torri5>55Torr0«Bit 
S C t S»ISi:-rS»*5S 1 te«©X5XV;7 "J-- > 

&«*MMMI£ftA.T*D. 8MEX7— ^flJS&flift* 
zH<h<ht>{CCl Otftftttfttt ftlMP 3 tfTfr 5 C t ft# 

& 

t«f#«4] MEtftftlMMIfc lOOmTorr 
KTOE*(CT^< tfcl 0 1 0 cm- 3 &_k<Dm& 

$>3 C i*»«£*-*||#8|3e«©:/?X'?ir 'J-X 

mttzm&R 6 £«©EB&«fta#. 
[ 7 ] aar **«©« k» vx i o ^mt 
©S£t&* c i *#^<hr*i»*^ 5 xw: 6 iB«©ga 

[3M*tliE2] 

[*§!#&•££] Bjas# 

MHE*t*0tg«] 0 0 0 3 
WiEJEFffi] as 

[0 0 0 3] 0 5©&BTfi, *@^©y- hA*;i/Xft 

4±tE«f*. gymi nci-DTSt^sgiftssp 

#X£A$^l~^Tffij£©;yxft£AT 
*. 3 C±oT»«»***0X^. 



#M¥8-3 3 0 24 3 

XMA1M2 (Ct oT->7>^ tsissflx £«A-rn 
t£ X^XvlCioTtf^K^ftifci;, »&«*©* 

»tiE2t*#S£] BJiHI* 
HtiEft*ffiB«] 0 0 0 5 

msam gas 

[0005] £©«fc5&**E©na*n£«i«f 

•5. £©#&-?«, 7D>14#X (CFO 

X=8 0 : 2 0Sa©^^X^^X#A«»2iC±o 

xn&g&imzmw. 7D>i4^maa*>tf 

SlIBIftXy^^bTRfcS-f 5. BPS, X^Xv^Tli 
iSflfCFx (x = 1, 2, 3) , CFx-f*> (x = 

l, 2, 3) . awt^sxtt^^^^dt&ssn. c 

[#S£*tIE4] 
[*f]E2**«8i£] QMMF 
[ttiE^«S«] 0 0 10 

mmum as 

[0 0 10] 

t e&k: x? xv&ffljfcggtt©«B&#ij£a*jj* s nr ^ 

[^KltiE5] 

[*&IE*f£l3lB«] 0 0 11 
[JfiE7jfe] « 

[0 0 11] H 1 fc**!/5Xv*»|fc«IBtt, B5 

A£nfc#xt;:x*;l^-£JM.TX7XY£j§^T3 
fc(*©«7J{H;*&1»#t3<t, MBfEjftftfT3 ««4 O ftffi 

»«X x- 5? 4 Cffi&aftAffltft ft EMU* 5 Xt- 5? 
ffliS«iS®S4 l*tfi|ASnT^5. 
[*BHl§jE6] 

miEMmmz] mm* 
mmn^ms^ 0017 
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(11) 



#BB¥8-3 3 0 24 3 



[0 0 17] £fc, S^Slrt©^^t-l 2©T 

*&{ttctt. *sxx-^4^ite»nT^5. n©£ 

8Xr-S?4tt. ®a^ff3*«4 0=£^StcBEB3-B- 
■£&©-?$> D, &R«fcD&-&;*5r— >>##4 0 1 fc, £L 

wr-/*«:4 o i <D±mizm®2nfcwm%m^.# 

7ay>7 4 0 2 £^S£lcffifi££nT<r>S. SSXr- 
SMtt. #*!»«(cJ;oTS«4 0^B('©^-r^«t 
*^«ffl$nT*D, K*ffl^m#^D>yi74 0 2rtlC 

a, K«m®4 o 3*ta*iisnT^^. -eux, k» 

114 0 3 iCBlf^(Dmfe&#A^)^ifffl€iS 4 0 4 ]ftt» 
[#8*iIE7] 

[«iE»^#^«] mmm 

IffiJEttMmBZ] 0 0 2 2 

io 0 2 2] st, ±emiftcatta«ttDStTv»< 
t, *«**ioi*jiS4»ai*^7 i -y4o#B«ii«» 
K«K*aMii,T<*. ffiS8«©®s*iojiLfcs, 

TEMMMMMM 0 0 H© 
EB®«&^#4 0 0£S«4 0tH»l:i«^f-y 
4fcEB-T5. EPS, 3S«4 0««BSn*iitK:J:t> 
T«t)*l*B«*«**«4 0tH«K«5«t5K:L 
T. EB®«ffig#4 0 0 £BBT£.. 

[¥Mf]E8] 

[»E^*#««] BJJSH# 

[SiEM^JBB*] 0 0 3 4 

[0 0 3 4] 0 3©£ft©£#<i:l,T«, 7D>14^J 
^M4 0 0 SCCM, K5ft#XSfitS£l 0 0 SCC 

Mtu *wy »«- 1 2 fcftur ttKHWia't 2 o o 
ow. m&4 otcwjn-rsK^JseAso. 5W/cm 
2tUfc. N. V1ta>#94ri'XW7l 1 4©BB« 

ll*J©IEE7J&0. lTorr*65TorriTMS 
tffc. 



[¥ttflliE9] 
MlEtt*MI«] 9HMI 
[ttiEtt*ffil£] 0 0 3 7 
MlDSrS] £M 
MX**] 

[0 0 3 7] ^U3>tt75Xv-S»jfc-r*H4©S« 
Ttt, HlX»4H4©K«»3-f;V2 M:ftiT. JV- 
^«C7>r t3 4ii»EttanTHa. 7>ft3 4 

2©HHK«j»jft«B3 5£§8:BIT^S. 
««3 5 tt, fttUHJP 3 5 a ^jtflp^^ 3 5 b foS 
fc5~fi:H^-e&D, 63^ 3 5 a, 3 5 b tt^ 
vv-l 2tn<*±©<WKB«Sn*,-ft«3'fA'3. 
5 a £^3^ 3 5 b tt, SWca»6j€r©«*)W&dc 

5. ttWP J&flMft 3 5&-S 3 < JU©H J6 £ "T * £ 4: 

rt«-e**snfc^5X , 7t3»*j:<j«ii«i o inn 
icKawso-r. j*j££i o lrttcfcttsx^xv©^ 

HMftttlEl 0] 

[»iiE»^#s«] mmm 

miE#ft3IB«] 0 0 3 8 

[0 0 3 8] #H3fiW©75Xv*'J-=>y#tfett. 

virass: h y'f x>y ?>^-r5ge^©-?-©ffij©*;^ 

©&£#X, 7D>14#X (CF«_) SrfflUfcWfct? 
^TRHtfr oTtftft 7D>116«X (C_ 
2 Fe ) , 6#ft«Jt#X (SF±_) Srffl^fcO. gEiH 
#*fc7*3>#X*S£Lfc;itfX*fc:P«r»T'b»*j&t 

y *$**SSV>©T, S^©X/t y * *ff V>tt# 6 7 7 
Xvi? U-->^S:ff 5 ^t^T^-S. SStc, BBS 

«««#4oo*»i«-r*#»ii/Tr4, baa*. 5 



-393- 



